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NOMENCLATURE

Af Frontal area of nacelle. (m2 )

D Droplet Diameter (mm)

LWC Liquid Water Content (gm/m
3 )

Mass flow rate of water (gm/sec)

n Number of drops counted

qw Total liquid volume in the measurement volume (cm3)

ow Volumetric water ingestion rate (cm3/sec)

Va Airspeed (m/sec)

Vw Water jet speed at the spray nozzle (m/sec)

Vd Average water drop speed (m/sec)

x distance downstream from the spray nozzle (m)

Greek Letters

Pw Water density (gm/cm3); 1.0 gm/cm
3

6 Thickness of the Light Sheet (mm)

SubscriRts

a Average spray property

i Identify ith drop, where i - 1 to n
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EXECUTIVE SUMMARY

Water droplet ingestion into turbine engines resulting from heavy rain and
wheel spray generated on a wet runway is of importance. Adverse effects of

large quantities of water ingestion can include the compressor stall and
* combustor flame-out. Engine certification requirements as set forth in FAA

regulations call for continued engine operation at takeoff and flight idle
conditions while ingesting water at 4 percent by weight of airflow, generated
by a spray to simulate rain. There is also a certification requirement on the
entire aircraft system which dictates that the system must be designed to

-: - prevent hazardous quantities of water from being ingested into the engine
* -during takeoff, landing and taxiing operations on wet runways. The present

work was undertaken to develop measurement techniques of two-phase droplet
laden airstreams during engine water ingestion. The ultimate objective is to
correlate the non-intrusive measurements of the water ingestion rate and
droplet size and spatial distribution at the engine inlet with engine
performance parameters. Such techniques and data will assist the FAA in
evaluating current water ingestion certification tests.

A non-intrusive optical technique was developed for the determination of liquid
'ass flux in a droplet laden airstream. The technique is also capable of
providing information on the droplet size and spatial distribution at the

- nacelle inlet plane.

Independent measurements of the liquid water content (IWC) of the droplet laden
- --airstream and of the droplet velocities were made at the inlet plane of a

simulated nacelle in a wind tunnel for the liquid mass flux determination. The
liquid water content was determined by illuminating and photographing the
droplets contained within a thin slice of the flow-field by means of a sheet of
light from a pulsed laser. Fluorescent dye introduced in the water enhanced

o%. the droplet image definition. The droplet velocities were determined from
double exposed photographs of the moving droplet field. The technique was
initially applied to a steady spray generated in a wind tunnel. It was found
that although the spray was initially steady, the aerodynamic breakup process
was inherently unsteadv. This resulted in a wide variation of the instantane-
ous liquid water content of the droplet laden airstream. The standard
deviation of ten separate LWC measurements was 31 percent of the average.
However, the liquid mass flux calculated from the average LWC and droplet
velocities came within 10 percent of the Known water ingestion rate.
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INTRODUCTION

The effects of water droplet ingestion into turbine engines resulting from
heavy rain and wheel spray generated on a wet runway is of importance. The
effects of water ingestion on engine performance have recently been
investigated (reference 1) and a probe for stagnation pressure measurement in a
droplet laden airflow was developed (reference 2). The adverse effects of
large quantities of water ingestion can include the compressor stall and
combustor flame-out (reference i). Engine certif.cation requirement as set
forth in FAA regulations (reference 3) call for continued engine operation at
takeoff and flight idle conditions while ingesting water at 4 percent by weight
of airflow, generated by a spray to simulate rain. There is also a
certification requirement on the entire aircraft system which dictates that the

system must be designed to prevent hazardous quantities of water from being
ingested into the engine during takeoff, landing, and taxiing operations,
(reference 4).

The criteria for both water ingestion certification tests are somewhat
arbitrary. The 4 percent by weight water ingestion test for engine

-" certification does not address such issues as droplet size and their spatial
distribution over the frontal area of the nacelle. For performance on a wet
runway, the criterion is even more arbitrary in that it does not specify what
constitutes a hazardous quantity of water ingestion.

The present work was undertaken to develop measurement techniques in two-phase
droplet laden airstreams to better quantify the engine water ingestion. The
ultimate objective is to correlate non-intrusive measurements of the water
ingestion rate and droplet size and spatial distribution at the engine inlet
with engine performance parameters. Such techniques and data will assist the
FAA in evaluating current water ingestion certification tests.

REVIEW OF APPLICABLE MEASUREMENT TECHNIQUES

A review of available measurement techniques for sprays was undertaken to

determine the applicability of the existing techniques to quantitative
determination of water ingestion into an engine. The quantities that need to
be determined are:

a) Drop size distribution together with spatial distribution of drops at
the nacelle inlet.

b) The mass flow rate of water crossing the nacelle inlet plane at any
instant.

Extensive work on measurements of wheel sprays generated by aircraft
under-carriages was carried out by Barrett (reference 5). A spray intensity
probe was developed to measure mean local dynamic pressure generated by moving
droplets. However, all of Barrett's measurements were in the near field of the
wheel generating the spray and the technique used only provided time averaged

local measu "ents in the spray.

Several mechanical, electrical, and optical methods are available for droplet
size determination in fuel sprays as surveyed in review articles by Jones

6 --



(reference 6) and, McCreath and Beer (reference 7). None of the techniques
Zsurveyed would be capable, in their existing form, of satisfying the second

requirement above. It was considered possible that the requirement could be
4met by some modification of the existing techniques.

The first trial approach was an extension of the charged wire probe technique
described by Gardiner (reference 8) for drop size determination in water
sprays. In that technique, the electrical pulse generated in a circuit
containing a charged electrode when a drop impacts the electrode is measured by
a pulse height analyzer. The probe is initially calibrated using known size

drops impacting the electrode. A relationship is established between the pulse
height and the drop size. In practice, the drop size characteristics are
derived from the pulse height statistics stored in a pulse height analyzer.
The technique as described by Gardiner (reference 8) thus provides the local
drop size distribution in a spray. In the present work, a modification of the

technique was considered. Instead of a single electrode probe, a charged grid
was considered. A copper wire mesh with wire spacing of approximately I mm was

charged to 2000 volts by a high voltage DC power supply. The idea was to
install the screen at the nacelle inlet plane so that all drops larger than the
mesh size would be intercepted by the screen. The charge transfer between the
screen and the impacting drops would set up a current in the circuit supplying
the grid. The current would be proportional to the total surface area of the
drops impacting per unit time. Then if the size distribution were to be
determined by an independent optical technique, the volume flow rate of water
would be proportional to the product of the Sauter Mean Diameter (SMD) of the

* . spray and the current supplied to the grid.

In practice, however, several difficulties were encountered with this
technique.

) P The charge distribution on the screen was non-uniform, resulting in
different pulse characteristics for different impact locations on the

screen for the same size drop.

2) Wetting of the screen altered the initial charge distribution.

Water film on the support set up a conduction path from the screen to
the ground, causing a leakage current.

Bee i'an5 of these difficulties and the fact ,hat an optical technique was still
':e ,rl in conjurcrion with the charged screen for water flow determination,
,-.s approach waF abandoned in favor of a purely optical non-intrusive

PRESENT TECHNIQUE

A non-intrusive optical technique was developed for the determination of drop
sires, spatial distribution of drops at the nacelle inlet plane and
instantaneous mass flow rate of liquid water entering the nacelle. The liquid

*water mass flow rate is determined by independent measurements of the liquid
water content of the droplet laden airstream and the droplet velocity at the
iacelle inlet pla.ic

''J1



For liquid water content (LWC) determination, a thin cross-section of the flow
close to the nacelle inlet plane is illuminated by a pulsed laser light sheet.
The drops contained within this light sheet are photographed by a camera placed
with its axis nearly nocmal to the plane of the light sheet (figure 1). The
duration of illumination of drops by the laser pulse is extremely short, about
LO nano second. Therefore, the motion of the drops is frozen in the
photographs. The thickness of the laser sheet is controlled by a beam expander
and a slit. The slit was of 9 mm width while the initial beam width was P, mm.
The slit thus allowed only the intense central portion of the expanded beam to
pass through, cutting off the less intense outer portions.

he depth of field of the camera is set to be larger than the light sheet
thickness by proper selection of aperture and magnification. This assures that

11 illuminated drops (contained within the light sheet) appear in the
nhotographs with a sharp edge definition. The measurement volume is defined h,
.. ie product of the projected frontal area of the nacelle and the light sheet
thickness. Information on drop sizes and spatial distribution is also obtained
tr-r: this photograph.

'hen drops are photographed using the optical set up as shown in figure 1, with
proper focusirg and depth of field selection, the droplet edge definitions in
the resulting photographic images are still far from ideal as shown in
figure 2. This is caused by two effects:

0 The illunination of individual drops is not uniform, resulting in

poor image definition of larger drops.

Scattering and diffraction around smaller drops causes a "halo"

effect around the drop boundary, causing the image to appear much
larger than the actual size.

An improved version of this technique utilizes laser induced fluorescence of a
qmall quantity (less than 10 ppm) of dye (Rhodamine 6G or Fluorescene)
introduced in the water. The fluorescence spectrum of the dye lies in a
wavelength range longer than that of the incident light, therefore, the
incident light scattered from the drops can be filtered out and only the
Iiuoresced light is photographed. Shott colored glass filters are ideally
suited for this purpose. This technique results in much better edge definition
of droplets in the photographic images and a nearly uniform illumination of
droplet interior (see figure 3).

An automated digital image processing system was developed to analyze the

photographic images. The image processing algorithm detected drop edges,
defined droplet boundaries, calculated the area of the drop images and an

equivalent drop diameter based on this area. Droplet size distributions were
constructed once statistics on a sufficient number of drops were available.
The liquid water content was determined from the total volume of drops

contained within the projected area of the nacelle, together with the knowledge
of the incident light sheet thickness. A description of the image processing
system is presented later in this report.

For the determination of instantaneous mass flow rate of airborne liquid water,
a measurement of drop velocities is needed in addition to the LWC measurement.
This may be accomplished non-intrusively by laser double pulse photography of
the moving droplet field. Two images of each drop appear in the photograph
(see figure 4) and the drop velocity may be determined by the measurement of

o -3
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Figure 4. Double Pulse Photograph of Droplets in a Moving Air Stream
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the distance translated in a known time interval. Solid-state lasers such as
Ruby or Neodymium: yttrium aluminum garnet (Nd: YAG) lasers may be operated in

* the double pulse mode, wherein the Q-switch is opened twice in rapid succession
to split the energy of the flash tube between two intense pulses. The time

* interval between the two pulses may be adjusted in the range of 50 to 200 As.

The product of the LWC evaluated over the nacelle frontal area, the drop
velocity and the nacelle frontal area is the instantaneous mass flow rate of
airborne liquid water into the nacelle.

WATER INGESTION SIKULATION FACILITY

In the first phase of the program, an experimental facility was developed to
simulate engine water ingestion and to calibrate the non-intrusive optical
technique for the quantitative measurements of engine water ingestion. A

description of the facility follows.

- The engine water ingestion simulation was set up in an open circuit wind tunnel
of 18-inch x 18-inch test section. A schematic diagram of this facility is
shown in f igure 5. Air was supplied to the test section by a high capacity
blower via a settling chamber, screens and a nozzle contraction. The blower

C,.output was adjusted by a damper vane ring at the inlet. A water spray nozzle
was mounted on a streamlined sting support at the entrance to the test section.
The nozzle consisted of seven 2 cm long tubes of 1.6 mm inside diameter. The
water was supplied to the nozzle from a pressurized tank via a flowmeter and a
ball valve. The individual tubes of the spray nozzle were adjusted such that
most of the spray water entered the simulated nacelle with the tunnel running.
The droplet-air mixture entering the simulated nacelle passed through a
separator box which contained a series of baffle plates. The baffle plates
subjected the flow to a series of sharp turns, thereby separating the droplets
from the airstream and collecting them in L water film on the plate surfaces.
Most of the water entering the nacelle in the form of droplets was collected at
the bottom of the separator box. The air was evacuated from the separator box
by means of the suction provided by the inlet of a secondary blower. The air

.j.. from the exit side of the secondary blower was dumped back into the tunnel,
downstream of the nacelle location. Calibration checks were made to determine
the carry over loss of water in the form of fine drops. For the spray flow
rate employed (300 cc/sec), the carry over loss was about 5 percent, with 95
percent of the water sprayed into the nacelle being collected at the bottom of
the separator. With a steady spray, the total mass of water collected, divided
by the time of collection was close to the time averaged mass flow rate of
water entering the nacelle in the droplet-air mixture.

The optical set up is shown in figure 1. The laser sheet of 9 num thickness was
produced in front of the nacelle inlet plane approximately 2 mm from the inlet
plane to avoid illuminating the water film on the rounded nacelle entrance.
The illuminated droplet field was viewed through the side of the tunnel. The
camera axis formed an angle of approximately 20 degrees with the nacelle axis.
In viewing the droplet field through the plexiglas wall of the tunnel at such a
shallow angle, multiple reflections of illuminated drops were encountered
within the plexiglas wall. To alleviate this problem, a window extension was
mounted on the tunnel side wall at a 20 degree angle, such that the camera line
of sight was normal to the window at the end of the extension.
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The objective of the experiments was to compare the instantaneous water flow
rate into the nacelle as determined by the present non-intrusive optical
technique with the known time averaged water flow rate. Ten photographs were
taken for a fixed spray rate and airspeed to yield a set of ten successive LWC
measurements in a steady spray. The variation in the drop velocities within a
given double exposed photograph or between two photographs at fixed tunnel

4 speed and water injection pressure was found to be less than 5 percent.
Therefore, a single drop velocity was used for water mass flow rate
determination. A sample photograph of droplet field is shown in figure 6. The
nacelle boundary was photographed separately and superimposed onto the droplet
photograph in figure 6. Notice that the drops within the light sheet are
uniformly illuminated and appear with sharp boundaries. Unfortunately, due to
light scattered from drops contained in the light sheet and that from the beam
dunip and the transmitting side plexiglas window, some of the drops outside the
laser sheet appear with faint images. During image processing of the photo-
graphic negatives, these faint drops, which are present outside the light sheet
may easily be eliminated by setting proper threshold criteria.

IMAGE PROCESSING SYSTEM DESCRIPTION

* ~ Processing system architecture is depicted in figure 7. Image acquisition,
display and processing was accomplished using a De-Anza ID-5400 image
processing system. The hardware package incorporates a vidicon and power
supply for analog image formation, three image refresh random access memory
channels, RAM, digital video array processor, and color video display. The
analogue signal from the video camera can be digitized by an A/D converter and
fed directly to the array processor which in turn controls the data flow and
writes the data into one of the memory planes at a rate of 30 frames/sec. The
digitization process converts each picture into 512*512 matrix element
(pixels). Each pixel is one byte number (256 resolution level) representing
the average optical density in an elementary cell, the size of which dictates
the spatial resolution of the system. While digitization can proceed at video
rates of 30 frames per second, a program is used which creates one digital

*frame from the average of 64 consecutive digitized frames. Thus, the image
formed has a low level of random noise caused by the vidicon and the digitizer
electronics. The digitized image information is then stored on a mass-storage

* device for further off-line processing.

* ' Software residing in the host computer (PDP 11/34) operates through a direct
memory access (DMA), interface through which the PDP-11 sends and receives
information from the video processor registers or from the RAM channels via a
driver program. The vidicon image digitization, averaging and storage
capability is part of this (DMA) interface software.

.r.. To study a droplet picture, the negative is taped on to a transparency
containing a 1 cm x 1 cm grid formed by fine lines. The grid lines are
carefully oriented with respect to the droplet images on the negative such that
none of the drop images is intersected by the grid lines. The negative,
together with the grid lines, is then mounted on a flat light-table. The
vidicon is focused on the plane of the background illuminated negative by means
of a 2macro lens. The magnification on to the vidicon is adjusted such that a
1 cm2 area of the negative enclosed by the superposed grid lines nearly fills a
video frame containing the 512 x 512 pixel array. After accounting for the
photographic magnification of the image on the negative and a specification of

-10-
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VIDEO DISPLAY SOLID STATEMEMORY (RAM)

MASS STORAGE HOST-COMPUTER DIGITAL VIDEO
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Figure 7. Image Processing System Architecture
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4 pixels for the minimum size drop accepted, an overall resolution of 0. 1 mm
was estimated for the diameter of the smallest drop measured.

The negative was scanned, one grid square at a time over the projected frontal
area of the nacelle. The calculated drop volumes were then added up for all
the squares to evaluate the liquid water content over the projected frontal
area of the nacelle. This procedure ensured that every drop is accounted for
and is counted only once. An example of a digital subimage representing one
grid square is shown in f igure 8. An enhanced image with def ined droplet
boundaries is shown in figure 9.

Image processing software was developed to detect drop edges, define droplet
boundaries, and calculate the area of drop images. The excellent contrast
between the images of drops within the light sheet and the background allowed a
simple thresholding criterion to define regions containing drop images.

The various image processing programs along with computer program needed for
droplet statistics determination are attached under Appendices A and B)
respectively.

RESULTS AND DISCUSSION

Results are presented here for fixed values of spray flow rate and airspeed in
*the wheel spray simulation tunnel. The flow rate through the spray nozzle was

maintained constant at 0.3 liters/sec, which resulted in a water jet velocity
of 22 m/s based on the total flow area of the seven tubes in the spray nozzle.
As discussed later, this flow rate was chosen to simulate extreme cases of
engine water ingestion resulting from wheel spray. The airspeed was maintained

~.r.at 61 in/s. The large difference between the speeds of the air and the water
jets caused an aerodynamic breakup of the water jets into small drops, which
accelerated along the flow direction to approach the airspeed. The measurement
station was located 3 m downstream of the spray nozzle and immediately upstream
of the simulated nacelle inlet.

The droplet velocities were determined from a double exposed photograph of the
moving droplet field as shown in figure 4. A 100 its time interval between the
two pulses was employed. The droplet velocities were found to be within 5

*percent for a large number of droplet pairs. Furthermore, within this small
variation of droplet velocities, no correlation was found between the drop
velocity and size. A single average value of velocity was assigned to all
droplets. This average value was found to be only 41 m/s, i.e., 67 percent of
the airspeed. Thus, the 3 m distance between the spray nozzle and the
measurement station was insufficient to accelerate the drops to the tunnel
airspeed.

* A series of ten photographs was taken during the period January- February 1986
for the liquid water content determination. The width of the light sheet was

*maintained at 9 mm. The photographic negatives were analyzed by the image
processing technique discussed in this report. The volume of a drop was
calculated as the volume of a spherical drop having the same equivalent
diameter. The equivalent diameter was calculated from the image area of each
drop. For a non-spherical drop this procedure leads to a higher value of the
calculated drop volume. The percentage error introduced therefore depends upon
the how different the drop is as compared to the spherical shape.

* 13



0 Figure 8. Digital Subimage Representing One Grid Square

Figure 9. Enhanced Version of Digital Subimage Shown in Figure 8
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The results of the image processing analysis are shown in table I. The raw
droplet data has been shown under Appendix C. For each of the ten droplet

pictures analyzed, the total number of drops counted over the nacelle frontal
area, the mean droplet diameter, the volume weighted mean diameter and the
total liquid volume are presented. The standard deviation of the mean and
volume weighted mean droplet diameters as calculated from the ten pictures was
in the range of 7 to 8 percent of the average. This indicated that the
picture-to-picture variation of the calculated mean diameter was .latively
small. The picture-to-picture variation of the total liquid volume was larger:
the standard deviation of the ten measurements was 31 percent of the average.
The average value of the total liquid volume from the ten pictures was used to
calculate the average liquid water content, i.e.,

(LWC)a -wqw = 450 gm/m3; where pw - 1.0 gm/cm
3

Af.6

The average mass flow rate of water uas then calculated as

-e mw (LWC)a • Af . Vd

- 332.5 gm/sec

The average mass flow rate of water in the moving droplet-air mixture as
measured by the present non-intrusive optical technique thus indicates a flow
rate approximately 10 percent higher than the actual value of 0.3 1/s. Reasons
for this discrepancy between the measured and the actual mass flow rates are
disctssed below. It should be noted however, that there is a significant
picture-to-picture variation in the instantaneous water mass flow rate
determinations caused by measured variations in the instantaneous LWC values.

The test droplet spray was quite dense in comparison with the certification
-. requirement of 4 percent by weight of liquid water in the airstream. The

present 0.3 I/s water ingestion rate in a 61 m/s airstream over the frontal
area of the 15.24 cm diameter nacelle translates to a water flow rate/airflow
rate ratio of 22.5 percent. Such a high water spray rate was used to simulate
extreme cases of engine water ingestion resulting from wheel spray.

There are three factors that affect the accuracy of LWC measurement by the
present technique:

1) Droplets largely outside the light sheet but at the boundary are
partially grazed by the light sheet and show up on photographs, thus
increasing the LWC measured.

2) The procedure for calculation of drop volume from its non-spherical
i-nages on the photograph relies on an equivalent diameter which is

__ calculated from the enclosed area of the image. This procedure tends
to over-predict the volume of the non-spherical drop and hence leads
to a higher value of measured LWC.

S-, 3) The illuminated drops contained in the light sheet are viewed by the
camera through a dense spray. Therefore, there is a possibility of

* some illuminated drops be-ng masked by droplets present in the view
path of the camera. This masking will result in a lower value of the
measured LWC.

Ov* -15-
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TABLE I

Summarv of Data Photograohs

Va - 61 m/s; Vw - 21.7 m/s; w - 300 cm3/sec; x - 3 m; Af - 182.4 cm2 ;

, .- 6 - 9 mm

Negative No. of Drops Mean Dia. Vol. Mean Dia. Total Liquid Vol.

No. mm mm m 3

1 267 0.55 0.89 97.4

2 207 0.58 0.86 68.2

3 256 0.51 0.87 89.0

4 155 0.58 0.86 52.3

5 179 0.63 0.92 88.0

6 212 0.56 0.88 75.0

7 243 0.59 0.91 95.7

8 128 0.50 0.68 21.5

9 337 0.53 0.80 91.8

10 169 0.60 0.87 57.8

Average: 0.56 0.85 73.7

Standard Deviation: 0.04 0.066 23.0

Std Dev. percent of Mean: 7.0 7.8 31.0

NOTE: Mean Dia. - ZniDi Vol. Mean Dia. - ZnjDj
4

En 3
,I ZniDi

Total Liquid Vol. - En i  Di3

6

'p
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Despite these three sources of errors, the present non-intrusive technique is
still considered a good method for measurement of the liquid water flow rate in
a moving droplet-laden airstream.

The droplet size distribution determined from the more than 2000 drops counted

in the ten pictures is shown in figure 10.

CONCLUDING REMARKS

*1) A non-intrusive optical technique has been developed for quantitative
. determination of instantaneous liquid water mass flow rate in a droplet

laden airstream. The technique is generally applicable to the problem of
water ingestion into an engine resulting in uip to 22% water by weigh-,
(rain or wheel spray).

21 The technique yields instantaneous spatial distribution of droplets at the
nacelle inlet plane as well as the droplet size distribution.

3) Significant variation in the instantaneous values of the liquid water
content was encountered in a droplet laden airstream produced by injection
of a steady wate spray in a steady airstream. Tesadr eito

amrong ten separate instantaneous determinations of the LWC was 31 perce-nt
of the average LWC .

~) The average liquid water flow rate as determined from the average LWC7 and
drop velocity measurements was approximately 10 percent higher than the
actual spray flow rate.

-17-
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Figure 10. Droplet Size Distribution at the Nacelle Inlet Plane
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PVRTRAN IV-P Vi2-51 11:58:17 26-APR-85 P
OROPS.FTN /rI:BLOCKS/VR

* 0J1 PRUGIRAM DROPS
C
I" Drops analysis based on averaged maximurn gradient
C

MI1'iYZ I..) ICAI. * 1 ANSA ,AIO

0 0 RI:AI.: II I r : 23!i I, nrA:O
BY : IJPIC(I 12).BI JGI(A(5I2)

)WJ! 1 1 IXEI.(312,I 1()

nj) 1lril' 1'3 R . ARI I N
Ii I4 rl; IIJFIW(I rlasic data proceislng parameters

9 qtl1 EIHrIVAL~rrI:I.. ( LlI11l(( 1) I II C I

*121;.. ICli' IVAI.IFI I JI { 'I 1SCALE
)M' 1 3 1:111) I VA L E NCE 17 111jV( 4 ARM IN)
00l 14 .E 01.1 'JAI. I11CI: ( IIIIJI:O( 'i I ICORrA I
- * '1 ' I *r .i;liR ; . j

j
Y SL11 '. I. . H!;

' ?' I iI 1 GI.I * F L- I I 1 , I I;,!Y jlt? 1 .I IC0 I MM 1 l£ l i* . I. [ .IH I .) :IIA
1," 13 11 i t) ' 1 1 1 N I) . fAI I 1 HA I C

.'.,I 1 ' 1 HI'i;IWR" 2 1 ll C I )1 PL, CCL, CC

B'2io' 1i _.fE' 111f11.71 1 ) jll.
1: I JI I VA L I I 1 1 [C I

.i Q 1) I'I VAL'H CE I I i1111 *I :3 ( ;1
1:)024 1I VALENCE i lIIIFE . ,) CC )

12 i.09 IVA~LIN I 17 1~.FE 5 1 *AHEA
J.)i.b LUIJ IVALLENCE ( IBUIE( 7 ,PER IM

C
C
C t Open data file

¢- ' C

IYJJ27 1114 1 JH T:,NAIr= ' .SY : [311.33fM ]RAIN.DAT ,TYPEn 'OLD'
1 1) 1 I'= 'LEU' ,ACCESS= 'D II EC'' RECOIDS IZE=4 . FORM= 'UNFORMAT77ED'

)))2:I R A l) 3 1) IIIIJFU
IF ,R C . NL . I) GO ro 01f

0013)" KRIE1)i=I I Initial ,-ecird for parameters storaye.no data
A1,IIII-('5I DeFault inin area

'1 V32;. I r(;t fIu =!5

, v~~' (:A-I: 1;', . L 1

r hJ: rI', C, ' ructs 1 1 n,] pa ramneters Initial I zat Ion, defaui Its are:
A )iJ3:i rII I' Min area 5 Sq. pixels. Scale I inll/ptxe I; Chaliie (Y/NIH

• !V li i A\(;CC r 11 ,AN';A
MY3 I F ANSA.NE . Y I GO "ro I1
.M1Y313 "FY1PE *.' Enter 1in area (Sq. pix) and Scale ",mn/p ix)
0034' A 1 t 1: -r * AR I4N, SCALE

IJ~iY;() ro I I
j .0I I g.)1 91 'OIl ' , l , I Fi e has a I ready data, Stopa ex,2cut In, (Y/N)

:_-", 1142 ,Ci P r 1 1 ,AH';A
ijV.I3 11: ASA.ELU. VY I GO 'TO 35i

r
- ,  C First detector

144 111 rYPI I , BejIin coarse detection'

'.%
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FORtTRAN IV-P j V17-'1 10:'30:11 26-APR-95 1 2
aRUPS.FTM /rI(:oLOCIKS/WR

CA::. ETUmOnthing before comupute gr.,dlinnt (YIN)'

lily.AI;CCP7 191 A"';A
III IF (AIA.IEt. '14' ) JO 1'U 4

i;o ro tj

005J!.1 CALL vLrCum(1, IVLTl

C: i3ve oriial picture

* ) *. 5 51)1':14 (olf'jHr'TI'cSCRATCH'.ACCE'S-'DIRlECT,1IN1TIALS1?r=512.
1:(:(:O:D1ZEw1;!U )

IL 4~K- I I'.

J).~ (1 Cu(I K I 1 6:J1

1 rrai,fer sinaoth picture to ch~annel IT1
C

* 096 1 CALL 11411Ai.(2.13 .0)
,0161 C:ALL 0'j rifilI. (1 I

jw65CALL FMUI'LR

C Compute gradient
C

11u I CALL GIRiDIE

C" Iteitore original picture
C

fmmi1 CAUl. SETUPI

V; A'] . 11. 17~ I* . 3'fJ ' X L N f9 . . G K
I !I cu 1 i4" I mc

WV 'rtresIhold gradient picture

11) 11 C 1:~ . M1141:. 1 4 l j

I,1:1, y I 'r t ::- rhtreo-v)Id gradient Im~age .ICORTA

;i I ju.r- 1 .IcuiurrA
1ii[ 'i1 PL rHi i .:ii. r ) 255
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rowiftAR tv- S VIY7'-'u 1 fl?50*'17 26-APRl-05 E! 3
DROPS.FTH / rit:LOC5S/VR

il's:)., 5 0I i..r V 11 T I~t m ! * iV.

0111.1 'r fi'I * ' Ac c-ipt tIb re he I d ( y /n

1) 0 10 IF (AHSA. HE . 14' ) i~n TUo 617
'r:ll E.s.tnr~ gjrad I nt I wage throoho Id

95,A9C ,I'll:'r *I CURW TA

.11. 1 1 IT1 I'l 1%kIAJ ( A I

Doill'' J i. 7. I CRTA+. *256
I''' te vi. r .11 r I 1m.r- 1

1) 1) 13CALL ' L fJl'
r

I:s;je~ *radilciit picture~
C

ly I '55y D. My' i-I~ 1
*I 1s 1).! II:00;)'IAG~1 I J.1IN. 16. 'R ' *P NrL

rns ; rA r .ii:jc (I 11 1 XLL . NBLK ,4096 i. I ill.iK
1)i. 104 17 CuI~lr 114UL

Remonve backgjroun~d variations
C

ITS I1' rvsi:. Raovi-I bac~kground var I at lon3 'V/N

1) 195 F': (Ai4I. lit: '14 GO 40 05

IT 15 ' CALL 01,1114111. ( 4

ITI I., CA L. 11:1. (I I: .II I

9115: A5 I: . I. ow)inll.1 ( 21

'1)5! 15 i*;is-s'n I Vrl-ition-v scale~
1)l CAI.. ;:~ iu 1.u

'S911) CAL LL f l'

iI'~tore gjralliint picture

Ill5 IIII D 12?1Y K-1,12
L 1--'K -.Ij

1)2' 11;11) C i IFIU[ L 1,1 .- W PI E

'19.'rii'i: Cfowpjt Ing miod ff led PDr

%S.

.5'
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FORTRAN l3(- S V0'i-'11 150,3O 17 ZG-APR-053 f 4
DROPS.FTN / r3:LLOCKS/VA

If3 I !l 9 111! 1( K~ 3)-fl. ~f

IfIi 'l z':U3- 3MIN;I: 2 , K:. I . ,It .U)ItIA

If DO 1)13 y 1 .1 111. 5011
It3 I 311IA 3. :.~R Go To 1'3%

,) 13 1u in cuff r 114Ui

CU13play histoyjra. and threshold daterr.1naion

ll I ' 131 D1193 II"fT. 2'i

9331. 1 1 C:tgI r I 343117

I3 I I CA.3 331 I?3 Hl.(4

1',~ 1 6 i 1.r I . Z56

31' GO 161 I4Lr fiK)-0,!
I)i'.'CAll . V I DrIIR( I1. I VLT I

~~3m I5 A.. I) li mIif iisr I 'ITHR3
I) I~~jl r',: l'. Eiti (I ) : Impple. (23 b Imod. Il d I3tr Ibut Ion'

1)31 Yl' :igii rv'i Y :I 'Kt I to a t a t I Ir e 3hu 1I1 J I TII R

%9. P,13 3JI I VI f ( .31 r Igj

.9..9319, C '1 . rWItM i II VLT I
11 W CA\13 ';I* rill'
1) 1'10i 3 ". r (II )-If

'3 l I:iii V. r9I-I I *l i

1 1 ll A .1. 1i: rill'
III h19I\ 1. L 1113331:A( lvi f

I33 ?I' CAl1. L ;rill, iPU TH
Ili1 Tl3'3 PC* ' Ac,:'!I) L titreAvaId (Y/N
'33 1 I A:C':P r 1l 1 .AH*;A
Ili'' 33i11 (A3A. HE. '14' ) Gil "ro 1517

- '' ~ rut'3: * Ciit'ir thireshold'

-~ij. .31! ifCIl , * Go 3 i0

ii II CA~~~~~I. IVA'; 1.1 1 I3*J ' .:13 .0 TO3
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U -n -w.- --.- rwr~-w~ - -- ----------------------------- r- -

FOR'TRAN IV- S V07-5 II ly: 50 17 26-APtR-05 0 P
OROPS.FTN /fi(:ULOCK'J/VR

lyI W! CALI. roI JUP

nutsi 3211 CAU. llI';i'AS( ISO. 1 .0)
#I I 11i CA>LI. 31 1 '11
II I 11i W) ju JIM5

* lull? f5hl ryil'i . iafni'lt re~gion the entire picturn: change1 (Y/")'
-. ,a';u.1rt1 l1i ,AW;A

IF (AI4SA.LU. 'Y ' U TO 401M
1i t ; I

-I I i ru )' I

It'll .11M7 rfi'w: Uv* rle urttn, to def inn ri-gion/pusii white! kny'

'N tilt; rfvvi *. Ito-jioii d2F ii itlon Su' .S1, ' . " 11 S-'.NS
0 1,1 Ivi. ri t i

I,.,,,I V1 i' r 1 1!s ) 5

0.1. CALi L vi. rfOR( I , IVLr I

0,11) rf ~II* . 'iagnpsit I ii-I rropi 3 Ip
i: si . 1, (1ur A S( 1 . i i 141 *14~ ,ALIIUF ,POJ1)F 1 IMH I T .t4Ji U111J I
Iv 'I. r i I i I)

*,*'1v 'I I. r (;,e; t I
'I'll11 ci. vji. tciiR , v~

ri 1, Ff'* , HEid coar:3c deltector

3ave rC3Ult3 oil dik

Ill r fpi: D uAI~I;A{:' In It Ia I a lamnt REDC
*~ I ; ' bIli) ''11!y I K- I . F4'JMUUJ

ci:=i. 11 11(4 K I

II,'.tilt~ I ITV I 11IM111i) I I liFE
117 ( I I C . L U. 12,3 1 0G TO0 2025

:1' .', yfT I ( I~w NIJ17

*1 'ITY I'II ' Hueiv,"r of oliject3 Ili thl i fratn-? IjUI4DR
a.' hI ~ WT~i ri:,I' I ) I IliJFU IIJp'Jate general I nForisat Iuat record

% Iy 131 VIs :; L ip ill T-J I
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TORIRAN.JV-PL V01 -I;1 141#9:82 2b-APR-05 PA I
GOTAS.F'!N /TR:BLOCKS/VR

01)Y CllJ SUBROUTIN4E GOTAS(CHAN.SLSS.NL.4S.A3UF.PBUF.LIMIT14JMOBJI

C Drops geometrical caractarization
C

lI4trGER*2 C4A1.SL.SS.CIL.NS
)1091 1 i1 rr. III IXEL 51i 2 . tiC I

19ol I1COMMON /l' [ITA/P I XIL
- 110111i, Il4fI'Il;IIl*2 FLA(; 'i [2.2 I ( 3j Y
* 10016 1 i4 ri. G ['I *2 1SL S ('Df) . I S7V; 901 . E L( 9g ) *FS ( 1)Y)

-1111 iI, rr :;l:;l2 O11311). 14r.WID
INr:;,Iw I41' I XS( 931j)

111 ll, m. * 4 ,~ir ( I r,1our ( II

C
C liltializa
C

n i A 1.t 1, IA rl.1Ar I I. 10241

lift I [Al 1. 1. 1 A( ItI it. I Il

Ip I I I I I [Al A 1. L I Al H Ph I IJ
0,1'1, CA\i [ A JiP. 1..J IA I L 41

fil I CA.I Z'* W i ).41

00.,11 UAL 11 ,I A(11ND

011.11 c j\ ~l i. I. - IA(- 'llf ' .;.)f

I ) in loopj

I11 i4-;

14 N

1)1 K-LL 4
"Ar

Mainloo

00 19 f . L.Ir
00?,11-o K 11 10iI .I'131

fit I K O -114 U1CIIHA if . BLO K.'R-.PIEL

Illy Il 1 1F~ K ,-I



- - . - -.- -U , . .. r. . . . . . . . . . ....... .. .. . r Wr W, ~ N' W . . .. .... -: % . . .

FORTRAN IV-PL v07-5 1 14 :09:102 25-APR-05 PA Q
GOTAS.FTN TIA:LULOCK'/WR

il!4 ;:li Itigh ed-je i the picture boundary
J1J.401 1457 14:.-J - I

C: Find 10 of this object from pr-evluui fl aj line

r.AI.L MA(CiI(FLAG ( 3-13,W) il1.M1 2 1UM .1 ,';1:; )
•~~I wI 'I I W I)" I U( I I

IF (tIUM.LT. ) u ro ij i

C if wi. ly 11) r ,jL,,viie e therm Into r, e

• ." , jqu} ro I#:,

, J1174 iit' 1" |J.l.0) GO *TO ]1hZ

C I 'Arr Iis wrt Inl tiem . vrna-tes unQi I)I'..5 CALL 1: [INb';i ,l4CWI'\ IAI OLDIU)I

c

C h ,lin roistIoi-I ii,.rimoter view ubjecat

: Awl ul)date f 1il! hmiFFe r and commiterr
"7 'Y ' p,7 102 CAI1. 1 f I4 A IL I * ,FLAW I , I WII.H2-14 1

1: 14 r ill I 1, C I ISl4 14 1: W 1)
III,'i ll ; 1 l411 c* . :;w )141

41.6in l 1LI 4( 14I . I SW 1 %1h42

C I~~llaltm t.t i t t . bliffer

lIr I [:;I.. 4II- lIII.s;I.I. iN [ I I.S(NIC ID) LINIA.)
4
5v1fil I [:,SS(I~r. III.G'I.141 ) lS;; NE141I))=NI

IF" (i';* IIw JI)).I.'".N2) ESINE [LI)-1NZ
%t",'_, nmj;i I:I. {4114 ) )-1 114 II A

I~f ? CAI-I I'I( .( 140io-C, 141.1: .ClIr R < I i;,W) .IIEW t. MIERIBr. I*W( 1 ,3-ISI, )';:-2, l 31EG14(I[l),I1N4U(1,J-ISV/)IEIN 0 .3 1))

,hs; i hack for more data on the :aine I ie

1)j IJ u'J 11F (HI.L .,PS:i) GO TO 10J'5

Searclh buffers for terminated drops

n1079 101 CAL L L 11ALL I OrI.(I PkVI.NNPI'XS.ISL';I'S.rlS,E.,E141.LLLr41A C UTIIl .3- 1,),
cu CI K ( I . I';ii INOL C . HI'W.I4IM0J .I;V. U !N 1. 3- 1 -,WI , BErf 114 1 1 LSWI,

2 1, E N ( 1 .3- I SW I:Nl)1 1 I ';W) ,AIIJII'I sF.L . 1 I r I
(Tr.) ICAL.L 2IA{FLAGI' 1.3-13WII,51.) I Zero fi i'j I lowt

" I[l, 14 3 - I:!. I Switch the fla,,.
fl i I 1 1u)I5: 141 Uc
,9 1 1OR t:u r lillic I C|o3. main loop

'V
,V,.

'.%
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FORTRAN IV-P V02-51 19101:30 94-APR-85 F
MATCH.FTN /TR:BLOCKS/VR

Hogl SUBROUTINE MATCH(FLAG.I.NZ.NUM.ID.NS)
C
C RETURN I.D. OF OBJECT FOUND ON PREVIOUS LINE
C FLAG a OLD FLAG BUFFER
C 141 - BEGIN, 12 a END OF OIJECT
C H4UM a NUMBER OF OBJECTS LOCATED
C IO a I.D. OF OBJECTS LUCATED

05702 INTEGER FLAG( I)
0003 INTEGER*4 ID( 1 1
01514 M a III - 1
110115 MZ a 12 * I

0301J06 IF (NI LT.I) MI , I
0001117 IF (N2.GT.NS) M2-NS
051'Jyi NUm - a
ij119 K a 0

C
C FIND ALL FLAGS
C

fif' In DO 157 J-M1.M2
111 IF (FLAG(JI.EO.K) GO TO IN

fyof 12 IF (FLAG(J)EO.gl GO TO 10
00113 K - FLAG(J)
113714 NU a NUM + 1
oyll$ Irl1N)(NJNI - K
1)(Y16 in CONTINUE
641117 IF (HIUM.LT.Z) RETURN

C
C REJECT DUPLICATES

,,,,,'-. C
,-.O- 5T0I CALL CORSRT(ID,IDNUMI

"0%19 N * I
002ifK - 101 1

130,111 DO 2Y J-2.NUN
1122 IF (K.EG.ID(J)) GO TO 25
11,23 N - N + 1

002l 4 1I)(Ni - IO(,))
MgY925 20 CONT INUE

,,'i- n 2 NoUN - N
91 T URN

51$S~21END

" -A8-
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YORTRAn tv-r V92-51 19:3ip1 184 54-APR-S5 P I
PERIM.FTN /TR:BLOCKS/IR

8081 SUBROUTINE PERIM(NOLC.4EVC.NECNTR.NE'dID.RPER.OBEGIN.MBEGIN,
1 OEND,NEMD)

al C THS SUBROUTINE ACCUMULATES 
PERIMETER MEASUREMENTS FOR 

THE 'OLD'

fINTEGER NECNTR(l1).OBEGIN(lI).MBEGIN(lI .OEND( I .NEND(l
OPY133 REAL*4 RPER( 1)

310 IF (NOLC.E0.ff) RETURN
C
c SEARCH *OLD LINE FOR MATCHING OBJECT SEGMENTS.
C

affIs LI mfl
)7j~jY6DO 1170Y JwI.NOLC

0057 IF (UENI)(J).G17.NBGIN(NEWC)-1.AND.
I OUFGIN(J).LE.NEND(NEWCI) GO TO 101

0I7ryl1 GO TO 10
1100 9J 101 014EWC - N4E1C - 1
lilyI1f IF (ONEWC.L.T.11 GO TO 301

hull IF (NEWID.EQ.NECNTR(ONEWC).AND.OEND(L2).GE.BEGIN(NEJC))
I GO TO 32

13312 GO To 351
C
C IF PERIMETER HIAS BEEN ADDED FOR PREVIOUS PARTICLE SEGMEN4T ON
C 'N[*W' LINE WITI SAME I .U. AND THE 'OLD' MA'tCH IG SEGMENT
C OVERLAPS UOT1 'NEW' SEGMENTS. THEN THE OVERLAP I1N T11E
C CURRENT SEGMENT IS SUBTRACTED FROM TiLE PERIMETER VALUE.
C

0313 302 RPER(NEWID) a RPER(NEI4ID) - SORTU(OEND(L2)
I - rLOAT(NEND(ONEWC)1))*2 + 1.) + NBEGIN(I4EWC) -NEND(ONEWC)

0614 GO TO 3153
$115 301 RPER(EWI4D) RPERiHEWV) + SORT((NBEGIN(NE4C)

I - FLOAT(OI3EGIN(J))l''2 + 1.1
00O16 353 LI J
On 17 K j +I
ofy I1a GO TO 102
00ly19 1lfil CONTINUE

010 102 I F (LI.EQO) RETURN
912L 12 * 1

00122 IF (K.GT.NOLC) GO TO 235
01Y.13 DO 10J3 J*K.r4OLC
01124d IF (OEND(JL.GE.NEGIN(NEW1C)I.AND.

I OBEG~IN(J)LE.NENU(NEVC)+1! GO TO 104
0025 GO TO 10Y3
10(26 104 RFERUNEVID) a RPER(NEWID) + (OIEGIN(J) - OEND(J-1))
f of2 7 LZ aJ
319124 101 CONTINUE
00:29 zed1 IF (L2.EQ.0Y) L2 a 11
0350 RPER(NEWID) a RPER(NEWIDy + SORTU(NEND(NEVC)

I -FLCIAT(OENU(L2))02 + 1.)
I91 RETURN

0032 END

-A9-



P01 AN'IV- 9 V#2-51 19159:52 14-APR-35

CON ID.FT /TRiBLOCKS/VR

1101l SUBROUTINE CONID(RPER.nPIXS.ISLSISSS.EL.ES.NUN.ID)
C
C USED TO CONCATINATE MANY I.D.'S
C

BffflZINTEGER OLDIO.ISLS(1).ISSS(fl)EL(1).ES(IA
6003 INTEGER*4 NP IXS(lI *ID( 1)
600114 REAL*4 RPER( I

- 9991!3NEWID a ID( 1

11007 OLDII) a IU(JI
aflyaRPF.t(NEWIDI RPER(NEWID) + RPERIOLDID).

8fyf1119 RPCR(OLOID? 0.
OffIs 4PIXS(NEWID) NPIXS(NEWIID) + NPIXS(OLDID)

93" 1 1 14P!XS(OLDUIJ *
Off 12 IF (ISLS(1#EEIV).('T.ISL3(OLDID)) ISLS(NEWID) a ISLS(OLDID)
My 113 ISLS(OLDID I m 3200
J11J4 IF (ISSS(14EWID)LGT.ISS3(OLDID)) ISSSU4EWID) a ISSS(OLDID)
Off111 r, SSS(OLI) - 32111
0316G IF (EL(NEIID)L7L.L(OLDID)) EL(NEWID) - EL(OLDIO)
1111y17 EL(OLDID) u 0
Off 111 IF (E3(NE'ID.L7ES(0LDIDU) ES(NE1JID) - ES(OLDID)
"OP)1 10 ES(OLI)ID) 6
1R11 If RETURN4

E14

-. 10

P



FORTRAN IV-P V12-51 19:12:62 14-APR-95P
PCNCAT.FTN /7R:BLOCKS/dR

0101 SUBROUTINE PCNCAT(NCEN.PCNTR.BEGIN.END.NEldIDRPER
C
C THIS SUBROUTINE CONCATINATES ALL ENDING PERIMETER VALUES FOR EACH

4C I.D. ON AN ENDING LINE.
C

01V6, INTEGER PCNTR(fl.5EGIN(I),END(1)
0$7413 RFAL*4 RPER( I
0004 DO 100 JWI.XCEN

IF (NCWID.EU.PCNTR(JI1 GO TO 151l
* - 13116 ~ ( TO 111

090 181 RPf'.IUHEW4ID) RPER(NEWID) END(J) SEGIN( * 2.
"milf 1I1sl cuNr INHUE

SO 91)j END



FORTRAN IV-r V82-51 19"03:08 14-APR-95 P
FIND-FTN /TR:BLOCKS/WR

01101W! SUBROUTINE FIND(NOIN.NEWID.NPIXS.OLDID)
C
C USED TO FIND A NEW BIN POSITION
C NOIN., LE14GTH OF 0IN BUFFERS
c IEWID , NEW BIN VALUE RETURNED
C NPIX3 - SUM OF PIXELS BUFFER

C ULDU - LAST FOUND I.D.
INTEGER OLDID
INTEGER*4 NP IXS( I I

"11114 DO 1511 J-OLDID,1N0N
jji05  IF (1PIXS(J).EQ.g) GO TO 200

131111 1og CONT I NUE
0j0J7 00 150! J-I.OLDID
I15.01? IF (NPIXS(J).CQ.0) GO TO 200
jj,,,j,! 150 CUJNT I NUE
Off I if TYPE *,' All bins filled'
Of I I :;ruP
0)! 2i1 NEWINOJ
J11113 01. 1) 1IU-J

,,11, 14 R I" TURN

Jl

-A 12-
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FORTRAN !V-P V82-si 19:93:20 14-APR-95 p I
CORSRI.FTN /TR:BLOCKS/dR

1001 SUBROUTINE CORSRT(KEY.PTR.LEN)
C
C IN CORE SORT ROUTINE. SORTS THE VFCTORS KEY AND PTR INTO ASCENDING oRnER OF
C 1r1:Y . T14E VALUES IN KEY ARE TREATED AS LOI; [CAL OUAi r IT IES HENCE S IGN BI TS
C HOIST OF TREATUD ACCORD ING;LY. ALPHAnLT IC RECORDS MAY 11F SOIITI'D SIN~CE
C CIIARAC TER CODES ARE IN LOG ICAL UNDER. THjE P TN ARRAY CAN THILN HE USED TO NOV
C RECORDS IN A DISK FILL.
C

000O2 IMPLICIT INTEGERA-Z)
(1103IHTEGER*4 IMSK.JMSK.SM( 32 ).PTR( 1).TEMP

0:31- LI)UICAL*4 IM^)1.JNSI..KEY( 1 .LTEMP
13 ItII rUIMEr4SIONl IIDR(Y<,3Z).CBO(3Zl

01101j; EQ I IV AL E 4C E ( I M SK INM:;L ( J M1)K ,J MS L
0007Ul DAT A S M( I1 )I( 2 M( 17 /U2 00s1310110 119. 01iJIi 300 3 70 Y.0 10 /

11ifl Do 1 103.16
00171)) I sm( I I -. m(I 1-1 )IZ
0111 ofI Do) 7 111.3:
OPFIl1 2 sH(I : SM( 1-1 /Z
ff 12 L1EV -I

1'11113 OIDiIYI2.1EV I I
00 114 RI)IIY(3.LLV1 LEN

A . I 1901'i CIIDI LEV) - 2
))I 16l~ 7? CO) a C fL V1
0911 I? L a PIIIRVI CI)A.1V)

111163 Ill a SDIIY(CI+1 . EV)
01'119 IF (PL.ISE.P'J) GU 'TO 75

J. 0020 1H)K a SN(LEV)
00l.2 81 JMSL a K'EY(PLI.AND.IMSL
00212 IF (jMSK.HE.#I GO TU 05
Alfl;!3 P;. - PL + 1

lby' 4 IF (PL.Eo.PU) GO TO 73

13 1.1l 6 0a JIISI - KEYI PU) .ANO. 1)45

IF (-JSK.NE.JF) GO TO 86

11110:10KEY( PLI - IKEY(PIJ)

1103JZ KEY(PJ) a LTI:NP
foylul 11 TrN P I'D a TEMP
ilu14 Gil ro 0 1
O0)' 91 r 6 Pll) - PU - I
OIfflhi IF (PIJ.NF2.PL I GO TO 05

11H 17 73 J147L - KCY(PL).ANU.1145L
jm~flIF (J1MSK.NE.B)1 P1. a PL -I

IF (LFV.GE.3:!) GO TO 75
I I fily C11 CIJUI 1EV)
Illyl II 1EV L EV * I

ff-41 I II)RY~ I LEV) a RORY(CO.LEV-I)
11h93.It1WIRY 2.1LEV ) a P'L

00 1 r, l)RY( J.I.EV) a BDVRYICIJI.LEV-I)
#044;l (;1) T1) 72
004! 75 11' (CIU~LVI.E0.21 GO TO 76
J004A43 CODILLV) Z

-A 13-



FOTUIV fl-!119*U3129 04-APR-95 p 2

CORSRI.FTN /TR:IILOCKS/WR

fl1149 ofRY(2,LEV) w OIDRY(2.LEV) *I
0701i'~l GOl FU 72
Ofl'15 1 76 LIV a LEV - I

0;90i.!ir (LEV.GT.fi) GO TO 7S
.5n n!,) 3 RI:TURN

005~4 END

04 
-A14

jm~N



*FORTRAN-IV-P V82-5I 19:51:54 14-APR-95 P I
INOFLL.FYN, /TR:BLOCKS/JR

0001l SUBROUTINE ENOFLI(RPER.NPIXS.ISLS.ISSS.ELES.NL.LINE.
I OLCNTR.I4ECmwrC.NOI.C.N4EWCiIJMOBLGINNBEGI4.
2 OEND.NEND.AUUF.PIIUF.LIMIT)

C SEARCH FOR FINISHED OBJECTS

offly;1r4TEGER*4 NPIXS(I)
fyjll INI4TGER OLCIITR I 1.NECNTR( l ,OI3EG~IN(1) .NBEG IN II .OEND( II .NEND( 1)
J1190* 14NIL E It I SL S ( ) I * ISSS ( 1 I.1L(1) ,ES( 1
01305J' RrAf. *4 RrE R( 1 IABUIF ( I ).PLIUF( 1)

* 00116 I4TEGER'2 1I41T(A1I)
C
C SEARCH OLCIITR FOR 1.D.'5 NOT IN NECNTR

* C
fhll7 I F (LI NE .EQ. 14. ) C90 TO 52

0l)9111 11* (1IULC.EQ.11l RETURN
#M09 j (NEwc .EII.;Y) (;o ro 51

M1) Dlu 1n J-.HI .C
Illy I I 11W Ifl a LCN~rn 3)
My 112 Do 2if a! r. LW1C
131113 IF (NrWI4D.EI.NECNTR(K)) GO TO 10
03114 20 CONTINUE

C
C DROPLET NOT CONTINUED
C

0 f0015 ~ CALL rCNCAT(NOLC.OLCNTR.OIIEGINOEND.NEVID.RPCR)
Oil I CALL FINAIL(NEW1.RPER.NPIXS. ISLS.ISSS.EL.ES.N4UM.ABUF.

I PBUF.LIMIT)
fla 17 1s CO'r INHUE

*00 18 RLTURtN
C
C FINISH OFF EVERYTHING
C

My19 1 D0 '50 JuI.NOLC
1)1321! NEW I) D OLCNTR{.3 J

fl1321 CALL PCNCAT(NOLC.OLCNTR.OBEGIN.OEND.NEWID.RPFR)
00122 CALL FINAUI4EWID.Itl'ER.NPIXS.ISLS.ISSJS.EL.ES.4UH.AIUF.

I P 6JF .L INm1'
"11T so CONTINUE

* ~~ U)3! RTUR N
i1132' 52 IF (ILCEO.ffI GO TO 6ff

I17 CNLWC.EU3.0I GO TO 51
NW D~i1~'71)0 UiD! J-I.NOILC
* 01)15 fFIdli) - OLCNrR~J

04i) 995 Kw1.NEW1:
#1,11:!IF (NEWID.EU.NECNTR(K)) GO TO 119

)JIM ALL IMAL(NIEVIOICPERNPIXS. ISIS. ISSS.EL.ES.N4JM.ABUF,
I PBIJF.LIMIT)

#1:9111;0 TO ORf
011 31i 11101 CALL P':NCAT NUCr.Ni:CNTR.N3F.GIN.NEND.NfEWID.RPrIU

1) 016h CALL FINAL(N,:WI.IPEt."PIXS.ISLS.IS ;S.EL.LS.NJM.ABUF.

#137I B 1)F ,L I MITI
113 Ian cfTIUE

-A 15

A.:.



VORTRAN'1V-P VVZ-5U 19:31:54 04-APR-85 r 2
EN4OFLI.FTN /TR:BLOCIKS/WR

lNfl Go IF (NEIJC.EO.O) RETUJRN
- f"0143J ) 70J J-I NI:WC

MYi I If4ItJIU w NECNTrR(J3)
N JJJI. CALL PCNCAT(NEV(:.NECNTR.NIIEGIM.NEND.NEVID.RPFR)

00J43 CALL FI"ALtNiEIID.III'It.NIIXS.ISLS.ISSS.EL.ES.14UM.AOUF.
I PIRUF.IMIr)

MY 41. 70 COINT4INUE
MI, 111 II fURI4
01546 E 1D

-A16



FORTRAN IY-PLAJS VRZ-51 19:29149 25-M4AY-92 PAGF1
F1NAL.FTN /TR:BLOCKS/VR

SUBROUTINE F INAU(MFW.J1.RPER.NP IXS. ISIS. ISSS.EL.ES.HUM.A3UF.
PIS'F.LIMITA

C
c TO TERMINATE AN OBJECT
c

INrEGER*4 NP IXS( I
11103IITEGER*2 im iT( 4. 1)

011 1 114TLGER ISLS( 1), I3SS( I )EL( I .ES( I
111107rREAL *4 RPERi I ) AUUF ( I )PBUF ( 1I

* I3UOrU l (JR A(51 I121
* '~~'2 ' CIJMMOHI /M INFAIIE AMI MAR

* i11 (l4P IXS(IAEWIV).EU.511 RETURN
- 1411m - MUM + I

0 )'1J0 1 F ( NUM. LrT. 20 1 )GO 'TO 5
0111 1 IYPII *.' N~u,,br uf spots qt buffer space available'
00 1 ZSrur

c ACCUM4ULATE DROPLET STA~TISTICS
C

IrVI1 53 ,AFlIF(IIM) o NPIXS(NEWID)
Ill)I IPIIIF(HUIMI - RPLR(NEII))
illy Ii IMII 1 NIJI4 m "JI*5( NI ID I
Ill II;L IMI7U2.NJM) a ISSSI4I1:VID i

illy i LII4IT(3,4JM) a EUH(FIID - ISLS(NrWID) # I
011 U IIIIT1(4.14'JM) 0 ES(NEWID) - ISSS(NLW1D) + I

C CLEAR WIT IIINS
Ill J)1 11IH- (AI11JF(l4'JM).GT.AMINAR) 60 'TO 10

U ALL IIORI(AR( 1.L IMI*T 1.NUM 3.LIMIT( Z.NUM).LIMIT(3.NUN 3,L!MIT(4.NW4 I
flei.! 4UM-NUM-I

C
nO'! 10fl NPIS(NEWID) 8

I(I'CI(NE4fWIDU f.
131."(NFWIU ) * :2flol

I NEc LIII ) 325003

ki. ruIlti4I.

EM4U

* -Al7-
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FORTRAN'1V'-P VB2-51 I#:9o: 35 23-FES-84 P I
RAINST.FTN /rR:SLOCKS/W0

111701PROGRAM RAINST
C
c Road droplets' data file and compute general statistic

Progruimer: Miguel A. lhuman
c

rnisv RFAI.'4 DnIJF( 1!7YYl.VOIIiJF( I2 fl1.E~xFFR( 1780~)

- "''no, i.04 VOI.Il:;cj7J).FREIIIS(ff:79)
ICAi.'I AREA. IIitIM D113 .02,1), U4,

"~~~''' ~I~i;'IfrAL*1IIU.) N 1J!0D I *iia;0' 1F4( (i3 .NUZID(0Ofl'
00 Dy ~ r 1. 011 VAIl: I:E% "U/ IH( 1 1 1 NUZ 10 13 1 1

A ~ ~ * IMI '!o I.0 Ai.I:14cL F.11) 1A I .40210 1

'~~II~ r it In Irnw Ii'I I

Iti II) IVAL r.NC I IiIIJIII' I i ,:,

0' Il Io Ino, I:~ zVALI : 1 i: aru Ia1 I *IIIJlIt41) N. I

11 1:0 1P I', VAtErNCI: I IIIIF I t( .1'i14 4)
111I IIA11 I VL. VI-I / , F1(( l I RC I I' ./

01),-!11 d.Ita f Ile
1711;I.:! 451 F'JRiAT(U.22,1 I
M ; " I; '*fl'E ' Eot',r f I Irnnimes,

* i3J).!4ACCLPTr 4131.LU"GU.(F!LENA( I I-.LONGOI
C

11D1;I'-'1KELI ' A.AIU3S-uIEcT RE:ORDS17Eo4.FOrPM-'UNIFORMATTED,
lDfl;'r RFAIIC 3'1 1 1)01:1K
00,W I/ N'JHl--I IIlJF L I

opl)I ON r ;H)-

:100.?I) ro~r-lj.

1' 1-:1. 14 159
00.j15j aUl4./,(3.*SQRT(PI))

'l Mmi loop
DQC I97F1 1Kw2.NI1ME

OWPII ii IB'JI:R(I ).[U.01 GO TO 21717

1)l -I I) it r: u&,,

1 C.0147' ovou IPER IM*PER I)/(ARCA'4.*P1 I

DBIN ~ ~ - 1-umrI I



FWkRACIV-P V177 -F In 1P513a 23-FEB-04 P 2
RAINST.FTN /riu0uLOCKS/Vfl

0' -1 11 1)~ 4 01 D 4 +0)4
111111 ';111)3a:;MHID 341)

001ily I) riyr~l) rtT+I)

0111i 1 17:; ror~Eu:.uESFER( ICONT)
0111.! I I 1; II )1I4:I1 II

1101.li [")1 1 )-VOLIII:;( 11)4U3

#11110i 2007 4, 0 ;E I -' 1.1

vin:s File records counter error'
00i6 1 CALL EXIT

C
C Begin geoinral statistic

f7 JI 6 3005 TYrI* .' ter nozzir rode'

0) 11 701 AII:P 11A1rX I 12N 111*IE

I~~llj'1 TI'II ' iUntnr water pras3ure (psi

Arifvi7 r. Cter wlind tunnel 3pand (ft/!sac I

1) 0W 'ri 111 CiiUlr dowiitream coordinate IInch)'
iii !,f , :':ijr * * 1014.

00 ! 1 1 rit 114 r 4 HI).'(JU. I ZI I) 1-I I TE X

it 1147 'f *4i
elIII(: I'li I , I . 1r; H

no ~ ~ MM 4 P'11A7( X , 1:!A I . GOAl II
g~Ji'i ; rIIIlAr( Wevtrr prol-uro m'.176.2. ' p~lI

111Il 6~ rijI(4Ari li4noJ tunn' 1 iposet - . F6.7. 'ft/sec
MY!') .? I.*mW14Ar( I)ownstr.i iocat ion ' .G.2. 'Inch' I
011111Y 11 ru ir 011lT i uinbe~r uf Druops 15*

2j l I I 14 1. 12 t as t r D J1

full 14AH- IrO fcii
1)1)11 ':AIg t ,r,r; ( t4AIMl . DBUF . DTOT

I, itl Hr 1,3 . :;I( I 4I)21 FbAr( IWCUT I
momlii 13 rlJ)IMA'r( 'Arr~a ioan Jdiagte r (020 )m *F 15.6)
,11.1 ! u0110DO)SMU3 op 11/6.

110111Plu1m 17 .C01,109
1111Wjoui 17 II)ItMArI, 'Drops total volumem *F 1.6)

III '411 14T i~,Hi)/1Fi.)A'r( i':uir I
'1111. ( 141 r 1.1 .'J14 : 0 I 1) /

il' 4~. roim ,~ , v., lem-i ui'au diarmater (D3J7)-' .17 15.6)

I)IJIkIII I' Iw I. 11 .iYUI/MUi

1'@4I' -B 2-S-ii !r s!ndIaat 3 5

dip",............................... .-
% -



FORTRAN' V-P vn7'-r1 I i: 51T: 30 23-FID-04 P 3
RA INST .rTN / f I:ULOCKS/VR

17)11i i Fj rlIMAT{ ' VoIuria dI3tributIon inean d lm.tor (D43)' ,Ft5.6)
'- , lf I'JRIur ii

/I I if I Ji I'011,l4/"AI 'i Circularity (pr IAotor *2/ar ia 4 )pi
i ."% .ll Ii I. I4 H( I CINT
,ljl, ICAl.I. srAxTs( NAP4U ,.El'lR ,ETTUr
ll I'Il: *.' I'I)t th distributions (Y/I '

' Ii ili r:l:i. Ir 1r 191iIl AISA
of 10'6 007 IF1(HAr ( I )
1) 111 ! IF AH:iA.I4E. 'Y Go "ru Ofjj
I f I 11 1) 1PI'l lLI=IT
ii I') ';Ai4ll=FI. IA(T I CUNT / 1003.

l I;! iI.IU 1--'0.1113I/1411.r

't If If' i'fl7 I-1. /' 1
if I? '40)l. 111I'; K W 10, 11q IS.( K{ 1111117 1

1:I FI(II'IIP; Kt) -F REII I t /:.IAIIP

i I 1 1 l7/ C )I F IIIUE
)lI'1 f PI. * ' Irf.piticy dIstrIbution (V/Hf'
,t Ii. AI:C:rPr uo nAltA

11 Il IF (AIISA.HE.'Y') i;o t1) 6W111
fIt III CALL ItAINIII( I:'I ll';,UIIF'PLI. .* . )

SI I,? IF Gu ru t ie
fit 70f IIPCPLU--OPIEI'LU
0121 C:ALL SYHUUL(-I.3,I.1S..!,'UR01PS DIAMETER FREQUENCY D1TRIBUTION'.

1 13i. .31
i,+ t:'.' ':ALI. S 'IUL(-I .3',-.7., .1, 'FREtiUl'NC:V {%) ',I. Tu ., 13)

-) I GO ro 41111
I., I rnjff rGi'i, ' -tU 1 V,43ti volume di3tributi o Y/IN)'

I I.''i ,\':CI lr l1jfq .AN';,A
• ": '"AI::,iIF I ANI+A. itI

" .  
"' G O 'TO 659

I- 'A LI. ,A II411fVUI.Ili1;. 0PI'PI.],.. 1
fI. Y.'iI IF u'I'Pi.Oi) L.#) (;u ro 'alif

, ;A1.1.:;YHMI)Lf -4. :I, I ..V'i .1. 'VOLIUMF CONTRI1.JT IflN VS DIAMr.TER ' .91, ,31 P
-ly I I I1 CA-. 1315. - . 15 , ! 'I 11LIJI41" COIllR r Iij r lull I )' , f uji. .23)

S1 'I I1 4,f CA.I. ';Yl111 )L.( .7,;0. 315,. ,'I) IAHE $ri i HM ',q91..IJ)
-- .- ,1 1., 1, All. L '1 ( 1I. -5. 5,1. . . I ,ll4OZ1l, . , I fIV X+I12 )

- 1iil I A 1A.L ( -II(-I.-'s if. .I, 'WATER PRES';IJI(E ( PS1 ,90. ,21YI

- -) 1 II ': 1.i1. 14'111 ' 5.;-'i5 Z. 2i I I WA r .,)r. -I I
'-f"")l l'i C . 'VI4i].( -'i ./I)f. . , 'WINI) TIUNIE L SP ED , -F/ r 'E C 1)if . . )If 5 Il P ; ('A 1.1. It1 i11 ;11 It i.i. 1 2 . l , I f 19. .,-i

li mt<i. Il I. . , . I. UIJ wlrItFAM STAT 1014 1l CH 9 0. 15';)
I) 1 II l. 1. 1'114111: C 1 75. .. Pi. I .DUWL , i1. ,- II I I'' I It P L O .Ii . ,; r p ) i t) r u ( P o l l

, 1111)I 1' ( IF U IlIIl.U.NL .1 CALL PLUr,(fi. .i. .999)
,.1l l 11 1 I:AI.L EXI r

-B..I
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-'-S~~~~~ 00 0 0 0 0 0 0 0 0 0 0 0 00 0
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ea~ I

'IE. E

4CL cl

No 0 z0'oc
03 - l- (AI - 4 P
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